A number of observations in patients with Laennec's cirrhosis dying with renal failure-one of the conditions sometimes included in the term "hepatorenal syndrome"-suggest that the observed oliguria and nitrogen retention may be secondary to impaired renal perfusion rather than to any lesion of the renal parenchyma. First, renal failure may develop with great rapidity. In several instances, normal glomerular filtration rate (GFR) had been demonstrated months, weeks, and even days before the development of renal failure (1) . Second, renal failure may occur in patients with cirrhosis after mild gastrointestinal bleeding, not severe enough to produce significant change in hematocrit, or after abdominal paracentesis, even when only five liters of fluid are removed (1) (2) (3) . Minimal bleeding and paracentesis both may result in a decrease in the effective blood volume (1, 4) . A third observation suggesting a circulatory mechanism of renal failure in cirrhosis is the modest reduction in systemic blood pressure that almost always accompanies the development of renal failure (1) . Fourth, the concentration of the urine is generally well maintained early in the course of renal failure and may remain up to three times the concentration of plasma until death (1) . Fifth, the concentration of sodium in the urine is low, generally less than 10 mEq per L (5), an observation consistent with decreased renal perfusion (6) , and in contrast to that in the urine in acute tubular necrosis, where the concentration of sodium is usually higher than 60 mEq per L (7) . Sixth, some patients with cirrhosis in renal failure respond to the administration of certain pressor drugs with an increase in renal excretion of total solutes, sodium and potassium as well as a larger volume of more dilute urine (8) . Finally, the histologic appearance of the kidney fails to show any consistent lesion of proved functional significance (1, 9) .
In view of these observations it was considered desirable to determine cardiac output (CO) and renal hemodynamics simultaneously in patients with decompensated cirrhosis and renal failure.
The study demonstrates that the reduced renal hemodynamics observed in certain patients with Laennec's cirrhosis cannot be attributed to a low CO. (12) . Creatinine was determined in urine by the Peters modification of the Folin method (13) and in serum by the method of Hare (14) . Serum Thus these patients, with marked reduction in renal hemodynamics, in general had an elevated CO (Figures 1 and 2 Laennec's cirrhosis may occur in the presence of an elevated CO. It is therefore apparent that the reduction in renal perfusion observed in these patients cannot be attributed to a low CO.
METHODS
CO has been found elevated in one-third of the patients with cirrhosis studied by Kowalski and Abelmann (17) , an observation confirmed by others (18) . No correlation has been found between the elevated CO and the presence of ascites, edema, or jaundice (17, 18) . Although chronic anemia may be associated with an elevated CO when the hematocrit falls below 20 per cent (19) , anemia of such degree was not observed in these patients and therefore cannot satisfactorily explain the elevation in CO. Since in most instances the mean arterial blood pressure is not elevated, the calculated total vascular peripheral resistance is low (17) . Although the precise mechanism producing the reduction in total vascular peripheral resistance and the elevation in CO is not known, there is evidence suggestive of functional peripheral shunting (17, 18) . Indeed, the circulation in certain patients with cirrhosis partly resembles that in other hyperkinetic states, such as thyrotoxicosis, chronic anemia, beriberi, and those occurring with arteriovenous fistulas (18, 20) . In these conditions, as well as in the patients of the present study, renal hemodynamics are variable and do not follow a consistent pattern. Indeed, an elevated CO may occur in the presence of a normal (21) (22) (23) , reduced (24) , and sometimes elevated (25) RPF. The precise relationship between both parameters has been not adequately defined in these conditions. Although this study does not clarify this relationship further, at least three possibilities deserve consideration in patients with cirrhosis and renal failure. First, it is possible that the reduced renal hemodynamics and the elevated CO are unrelated phenomena.' Second, it is also possible that the same mechanism that produces a decrease in total vascular peripheral resistance and an increase in CO may also produce a separate, direct effect on tihe renal circulation. Third, it is conceivable that the decreased renal perfusion in cirrhosis is secondary to a redistribution of blood to areas of decreased resistance. The last possbiility has a counterpart in the experimentally produced acute arteriovenous fistula in the dog. When the fistula was opened, a decrease in RPF occurred (27) . Nevertheless, the experimental situation is not entirely comparable, since in the dog GFR varied inconsistently and FF was always elevated (27) , whereas in the present study FF varied within a broad range and was not always elevated. Furthermore, Epstein, Post, and McDowell demonstrated in patients with arteriovenous fistulas that occlusion did not produce consistent and significant changes in renal hemodynamics (21) .
Since in the present study catheterization of the renal vein was not performed and extraction ratios of the para-aminohippurate were not measured, CPAH may underestimate RPF in patients with reduced renal hemodynamics (28) . Indeed, CPAH may underestimate the directly measured RPF even if the extraction ratio is determined from analysis of the blood entering and leaving an 1 Although a low CO was not observed in the present study in patients with decreased renal hemodynamics, Tyler, Jeffries, and Wilder recently reported seven patients with cirrhosis and marked reduction in renal blood flow, some of whom have a low CO (26) . isolated, perfused kidney (28) . The same limitations apply to other parameters derived from CPAH, e.g., FF, ERBF, and RFCO.
Although the inverse relationship between CO and renal hemodynamics observed in W.F. (see Table II ) is of interest, more observations will be required before it can be interpreted.
SUM MARY
Cardiac output (CO) and the clearances of inulin (CIN) or endogenous creatinine (CCR) and para-aminohippurate (CPAH) were determined simultaneously in seven patients with decompensated Laennec's cirrhosis and a CIN or CCR less than 60 ml per minute. Another thirteen decompensated cirrhotics with a CIN or CCR greater than 70 ml per minute were studied in the same manner. CO was generally elevated in patients with a broad range of renal hemodynamics. The findings also indicated that the diminished glomerular filtration rate and renal plasma flow found in some patients with cirrhosis may occur in the presence of an increased CO. Therefore, the decreased renal perfusion observed in certain patients with cirrhosis cannot be attributed to a low cardiac output.
